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Introduction 

n  Task is to identify the challenges and key elements in 
possible solutions for the High Energy Physics 
experiments in the next few decades. 
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12 talks on 
10 topics! 
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Findings – Imaging Calorimetry 
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•  CALICE demonstrates and leads the clear trend from conventional 
calorimetry to imaging calorimetry.  

•  All LHC experiments have adopted or are considering adopting imaging 
technologies for their calorimeter upgrades. 
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Findings – Challenges of CMS Calorimetry 
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Radiation damage and high pile-up. 
•  Upgrade readout of barrel electromagnetic calorimeter. 
•  Refurbish the scintillator of front part of the barrel hadron calorimeter 
•  Replace endcap calorimeters with a new silicon based high granularity 

sampling calorimeter. First implementation of imaging calorimetry in a 
hadron collider experiment! 

•  Keep the quartz fiber forward calorimeter at the highest η region. 
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Findings – Precision Timing in Calorimetry 
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•  Test beam results are always better than in-situ measurements. 
•  Major limitations: clock distribution, slow pulse shaping and poor 

exploitation of raw signal. 
•  Fast timing expertise and equipment exist to implement timing for HL-

LHC. 
•  Need to push forward for better precision for pileup mitigation in future 

hadron colliders e.g. FCC-hh. 

M. Spiropulu 

16 ps 
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Findings – Advances in Crystal Calorimetry 
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•  Several future crystal calorimeter implementations: LYSO for COMET 
(Mu2e, Super B and CMS at HL-LHC) BaF2 and PbF2 for Mu2e and 
g-2 respectively at Fermilab PbF2, PbFCl, BSO and BGO for 
Homogeneous HCAL for LC.  

•  Extensive radiation damage studies were performed. 
•  Various crystals, inorganic scintillators, glasses and ceramics may 

offer solutions for future HEP experiments. 
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Findings – Homogenous Calorimetry 
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•  The concept of “Dual-Gate Calorimetry” is introduced. 
•  Hadron calorimetry with high resolution and linear response is 

possible with this technique. 
•  Fast, dense, inorganic scintillators need to be explored. 

A. Para 
R.Y. Zhu 

Candidate crystals for 
Homogenous calorimetry 

Short gate of 1 ns optimizes both the 
stochastic and the constant term. 
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Findings – New Radiation-Hard Materials 
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•  Limited options for intrinsically radiation-hard scintillators. 
•  Coating radiation-hard Cerenkov radiators (e.g. quartz) with inorganic 

scintillators enable various options. 
•  Radiation-hard wavelength shifters need further (immediate) attention. 
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Findings – Radiation-Hard, Light-Based 
Electromagnetic Calorimetry 
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•  Shashlik technology was demonstrated to provide robust, efficient and 
high-resolution electromagnetic calorimetry under radiation-harsh 
conditions. 

•  Compact design with rad-hard crystals, wavelength shifting capillaries 
and photosensors. 

 

R. Ruchti 
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Findings – Noble Liquid Element Calorimetry 
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•  Major impact points are the newly developed VUV-sensitive SiPMs 
and simultaneous utilization of scintillation and ionization signals in the 
noble liquids (segmented TPC). 

 

R. Sawada 
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Findings – Secondary Emission Calorimetry 
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•  Intrinsically radiation-hard and fast electromagnetic calorimetry option 
for harsh radiation conditions. 

•  Unique capabilities of precision shower timing and position 
measurements. 

•  Feasible for large-scale applications and fine readout segmentation 
hence imaging calorimetry. 
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Findings – Large-Scale Calorimetry for 
Astrophysics 
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•  Large (ground) and really large (space) calorimeters for the detection 
of Ultra High Energy Cosmic Rays are demonstrated. 

•  Low-statistics critical data. L. Wiencke 
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Comments 

n  Significant R&D investments in imaging calorimetry (CALICE in particular) have 
borne fruit in both hardware and Particle Flow Algorithms.  

n  Precision timing (<100 psec) in calorimetry has been shown at the few channel 
level, but remains challenging for a full system. 

n  Many options exist for crystal calorimetry. There is no ‘perfect’ crystal that meets all 
needs. Progress is being made on all fronts. 

n  Simulation studies of Dual-Gate (fast vs slow) show that it is a compelling 
alternative in dual readout hadron calorimetry. 

n  R&D on new very-radiation-hard materials is necessary for any future/upgrade 
collider detector. Examples for EM calorimetry include shashlik and secondary 
emission.  

n  Noble liquid calorimeters (Kr, Xe, Ar) are a very mature technology that give 
excellent energy resolution.  

n  Future very large scale (>1018 eV) astrophysics calorimeters require advanced 
photodetector arrays that can be triggered rapidly. 
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Identification of Risks and Opportunities 

Risks: 
 
n  Precision timing 
n  Radiation-hardness 
(The reality deviates from predictions obtained from small-
scale demonstrators.) 

Opportunities: 

n  Explore better mating crystals/scintillators and 
photodetectors. Might result in immediate implementation 
in other areas including medical and security. 
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Recommendations 

n  The success in the collider physics discoveries for the next ~ 20 years 
will require imaging calorimetry. Expertise in Particle Flow Algorithms 
and imaging calorimeters must be reinforced.  

n  R&D for system-wide clock generation and transmission and wave-
form digitization should be emphasized to solve the foreseen pile-up 
problems in future collider machines. 

n  A systematic plan needs to be generated to search for and fully 
characterize alternative radiation-hard scintillators, crystals, ceramics, 
surface coatings, wavelength shifting fibers and capillaries.  

n  A plan should be formulated to test homogenous, dual readout 
concepts (including ‘dual-gate’). The design for a test beam module 
with at least λ3 size needs to be made. 
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Possible Grand Challenge Ideas 

A long list of challenges; long standing; each item has a 
different weight for different implementation; each item 
has been improving continuously: 

n  large-scale (physical size, channel count),  
n  low-power,  
n  high-performance (high-resolution, powerful 

algorithms),  
n  high-speed, precision, affordable readout, 
n  radiation-hard, 
n  … 
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